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Kinetic Analysis of Photomodulated Helix-Coil Transition of  
Poly(L-glutamate) Containing Spiropyran Unit  
Toshihiro Hiejima*1 Akifumi Akai*2
The kinetics of helix-coil transition triggered by the negative photochromism of spiropyran (SP) -containing 
poly(L-glutamate) (PSPLG: -[NHCH(CH2CH2COO-SP)CO]n-) were investigated by means of ultraviolet-visible 
absorption, circular dichroism, and NMR spectroscopy. From these spectroscopic analyses, the reaction rate 
constant of helix-coil transition of main-chain were found to be good correlation with that of negative 
photochromism of spiropyrane unit in side chain. This result suggested that the polymer chain takes the 
“interrupted helix”, in where random coil parts and rod-like helix parts are connected by universal joints alternately,
rather than the “all or none” type”, which converted the fully helix conformation to entirely random coil state, in 
the intermediate region of helix-coil transition. 
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Figure 4. Variation of the absorption spectra as a function of dark 
adaptation time for PSPLG (93 mol%) in HFIP. 
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Figure 5. Variation of molar extinction coefficient ([H]500) as a 
function of dark adaptation time for PSPLG (93 mol%) in 
HFIP. (1) Red line; first order kinetics, (2) Blue line; 
Figure 6. Variation of CD spectra as a function of dark 
adaptation time for PSPLG (93 mol%) in HFIP, (1) sample 
kept in the dark, (2) sample exposed sunlight.
Figure 7. Variation of residual molar ellipticity ([4]222) as a 
function of dark adaptation time for PSPLG (93 mol%) in 
HFIP. (1) Broken line; first order kinetics simulation. 
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Figure 9. Variation of normalized peak intensity as a 
function of dark adaptation time for PSPLG in HFIP, ■; 
HD, ●; CDbroken line; first order kinetics simulation
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Figure 8. 1H NMR spectra for α-proton of PSPLG in 
HFIP-d2 solvents, CD; random coil state, HD; D-helix 
Figure 10. 1H NMR spectra for aromatic proton in side chain 
and amide proton in main-chain in PSPLG in HFIP-d2 
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Figure 11. Variation of normalized peak intensity as a 
function of dark adaptation time for PSPLG in HFIP, (a) 
aromatic proton in (a) SP moiety, and (b) MC moiety and 
amide proton, broken line; first order kinetics simulation
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Table 1 kinetic parameters estimated from NMR analyses 
 Main Cahin Side chain 
site HD CD -NH SP1 SP2 MC1 MC2 
k  8.4 7.4 8.8 7.5 8.8 8.2 7.7 
Kinetics units (k) ; 10-3 min-1
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